The aim of this study was to report feasibility, benefit and complications of superselective transcatheter autologous clot embolizations and duplex sonography-guided compression therapy in four patients with delayed post-traumatic high-flow priapism. Medical records of four consecutive patients diagnosed with delayed post-traumatic high-flow priapism (arterial priapism) were reviewed. High-flow priapism occurred mean 41.8 (6-92) h after the trauma developed. The patients were presented to hospital mean 8.3 (5-15) days after priapism occurred. The patients were assessed by penile color flow Doppler sonography. After the pathologically increased, arterial flow or arteriocavernosal fistula was seen, combination therapy with superselective transcatheter autologous clot embolizations and duplex sonography-guided compression was performed. If complete detumescence could not be achieved, this therapy was applied in the following day. In patients who had resistance to the second embolization, superselective embolization with microcoil was performed. Follow-up included penile color flow Doppler sonography at the following day, 1 month and 3 months after the procedure. International Impotence Symptoms Score (IIEF) was obtained during the follow-up. The treatment was successful in one, partially successful in one and not successful in two of the four patients. This therapy was reperformed to the latter three patients. After the treatment, high-flow priapism disappeared in one of the three patients and embolization with methalic microcoil was needed to perform to the other two patients. At 1 day after the treatment, color flow Doppler sonography and physical examinations were normal in all four patients. In the 1st and 3rd months of the follow-up, color flow Doppler sonography and the NPT tests were normal in three of the four patients. Slight erectile dysfunction was detected in one patient. Combination of superselective transcatheter autologous clot embolizations and duplex sonography-guided compression therapy may be considered as one of the first-line treatment options in adult patients with delayed post-traumatic high-flow priapism.
Introduction
'High-flow' (nonischemic) priapism is a rarely seen clinical entity that results from unregulated arterial inflow to the corpora cavernosa caused by a shunt between the arterial and lacunar system, which overwhelms venous outflow. 1 The incidence of posttraumatic high-flow priapism represents nearly 6% of all prolonged erectile conditions. 2 It arises following perineal or direct penile trauma and leads to painless nonischemic and prolonged erection, as both cavernous bodies are less tumescent in the anterior third of the penis. In some cases, the etiology remains unknown. 3 The defect rarely occurs bilaterally. 4 The clinical appearance and circumstances of onset suggest the diagnosis. The classical feature of high-flow priapism is a painless erection of the cavernous bodies, while the corpus spongiosum stays flaccid. According to the size of the fistula, the persistent erection could appear differently from patient to patient. However, presentation, diagnosis and institution of definitive management are often delayed. Diagnosis is made after cavernosal blood gas analysis, penile color flow Doppler sonography and superselective angiography. [5] [6] [7] Since the method is noninvasive, highly sensitive and specific, the typical diagnosis and standard follow-up in highflow priapism are mainly based on color Doppler ultrasonography. [8] [9] [10] Even though different treatment methods have been proposed, most centers now manage high-flow priapism by minimally invasive radiological embolization of feeding artery.
A review of previous studies on this subject has revealed that the case histories are usually limited and moreover the treatment methods are still mostly controversial. 3 We reported four adult cases with delayed posttraumatic high-flow priapism who were treated by combination of superselective transcatheter autologous clot embolizations and three sessions of duplex sonography-guided compression therapy. The management of high-flow priapism and clinical outcomes as reported in the literature are also reviewed.
Materials and methods
The records of four patients (mean age 28.3 years, range 23-38 years) with delayed post-traumatic high-flow priapism were reviewed (1999) (2000) (2001) (2002) (2003) . The first admissions of two patients were at our hospital, while the others at a community hospital. Spongiocavernous shunt preceding sildenafil citrate was administered to one of the latter two patients, while watchful waiting offered to the other patient. As these treatments resulted in failure, the two patients were referred to our hospital for further evaluation and treatment.
In all patients, physical examination, complete blood screen and penile color flow Doppler ultrasound were performed. Analyses of blood samples from cavernous bodies or injection of vasoactive drugs intravenously or intracavernousally were not performed. 11 Embolization and its potential complications along with the other treatment options were discussed with the patients. When a pathologically increased arterial flow or arteriocavernosal fistula was visible by penile color flow Doppler sonography and sickle cell anemia was excluded from diagnosis, internal pudental angiography of the iliac artery branches was carried out. A trocker catheter was introduced into left or distal right internal pudental artery and advanced until it was placed into the fistula. A 3F coaxial microcatheter was used for superselective catheterization. The tip of this microcatheter was preceded as near as possible to the artericavernous fistula.
After arteriocavernosal fistula was shown, combination of superselective transcatheter autologous embolizations with 3 ml of autologous blood clot and three sessions of duplex sonography-guided compression therapy was performed during the same session to all patients. Duplex sonographyguided compression therapy was also performed as described by Mabjeesh et al. 12 In brief, the duplex probe was placed on the perineal skin at the exact point of the feeding tract. Slow download pressure was applied manually against the pubic bone to compress the flow through arteriocavernosal fistula. Compression was continued for 15 min and then slowly released. Subsequently, the arteriocavernosal fistula was reassessed. This treatment was performed until complete thrombosis was achieved. Initiation and complete formation of the thrombus was observed on real-time ultrasound. When complete detumescence could not be achieved, a second embolization and duplex sonography-guided compression therapy was performed the next day. In patients who had resistance to the second embolization, superselective embolization of the fistula with microcoil using a coaxial microcatheter was performed. Disappearance of the priapism was described as a success of the treatment. However, preservation of erectile function was also considered as an important factor. Postoperatively the patients were assessed in 1st month, 3rd month and also 1st year if possible.
Results
Patients' characteristics, examination findings, treatment methods and outcomes are summarized in Table 1 . The patients presented to the urology outpatient clinics with a history of prolonged, consistent, painless partial erection (50-75% rigidity). All patients had a history of blunt perineal trauma. High-flow priapism occurred mean 41.8 (6-92) h after trauma developed. The presentation and diagnosis of high-flow priapism were delayed in all patients. The mean duration of priapism was 8.3 (5-15) days. None of the patients reported a history of previous recurrent attack. One patient had history of treatment with corporal blood aspiration and several irrigations with heparin. Otherwise, medical history was unremarkable, including no history of sickle cell anemia (Figure 1) .
Clinical examinations showed the presence of a partial and persistent tumescent penis in all the patients. A small hematoma was seen in three of the patients. Physical examination including perineal compression with the thumb was performed, but this maneuver was not successful in any of the patient. Laboratory results showed no sign of sickle cell anemia or other hematological disorders. Sonography revealed a pulsatile, anechoic area inside monolateral corpus cavernosum. Penile color flow Doppler sonography revealed arteriosinusoidal fistula in all patients, as well as middle fibrosis in a Treatment option for the patients with high-flow priapism M Çakan et al patient who previously underwent spongiocavernous shunt. Superselective pudental and penile angiography in the patients under general anesthesia revealed arteriocavernous fistulas from small branches of the internal pudental artery in each patient. The arteriocavernous fistula localizations were as follows: left deep cavernosal artery in two patients, left internal pudental artery in one and right deep cavernosal artery in one patient. Superselective transcatheter autologous clot embolization and three sessions duplex sonography-guided compression therapy were performed during the same session to all patients. Following the embolization, angiography showed that superselective embolizations were achieved in all patients. Complete penile detumescence was observed in only one patient and repeat contrast injections confirmed a dramatic reduction in blood flow to the penis of the patient. The penis became gradually flaccid in the following 48 h and morning erections of the patient were observed 2 days after the treatment.
The treatment was partially successful in one and not successful in two of the four patients. Next day, penile color Doppler ultrasound showed a fistula in these patients. Autologous clot embolization and three sessions of duplex sonography-guided compression therapy were necessary to achieve complete thrombus formation in fistulous tracts in one Treatment option for the patients with high-flow priapism M Çakan et al patient, which became isoechoic a day after compression therapy. A morning erection was observed 4 days after the treatment in the patient. The treatment method was unsuccessful in the other two patients and embolization with methalic microcoil was performed and resulted in simultaneous detumescence of the penises. A morning erection was observed 3 days after in the first patient and 7 days after in the second patient. At 1 day after the treatment, color flow Doppler sonography and physical examinations were observed normal in all four patients. In all, 4-15 days were necessary for complete detumescence in the cases. No procedurerelated serious complication was observed. All patients were discharged the day after the procedure.
At 1st and 3rd month of the follow-up, penile color flow Doppler sonography showed the absence of recurrence in the patients. Erectile function, as demonstrated by the measurement of nocturnal penile tumescence, remained normal in three of the patients. From the Index of Erectile Function Score, it emerged that three patients had continued to have a normal sex life. For one patient who presented to our clinic 15 days after priapism and underwent spongiocavernous shunt previously, mild erectile dysfunction was reported 5 months after the treatment. Middle fibrosis was detected in the corpus cavernosum by Doppler ultrasound. His erectile function was normal by using sildenafil citrate (50 mg). In the long-term follow-up of two patients (mean 23.5 month, range 19-28 months), they reported preserved erectile function, but no recurrent attacks of priapism was reported. Recanalization of left cavernosal artery was seen in one patient (number 1) at the 3rd month of follow-up. We have not seen any disturbance in the renal functions of the patients during follow-up period.
Discussion
High-flow priapism is an uncommon urological pathology that does not require immediate and emergency treatment because the risk of postischemic fibrosis is excluded due to oxygen being supplied to the cavernous tissue. 11 In 1960, first case of high-flow priapism was reported, 13 while the pathophysiology of the disease was elucidate in 1990. 1 Presentation, diagnosis and institution of definitive management are mostly delayed. In our study, high-flow priapism occurred mean 41.8 (16-92) h after trauma developed. The presentation and diagnosis of high-flow priapism were delayed in all the patients. The mean duration of priapism was 8.3 (5-15) days. It is evident that most patients with high-flow priapism enjoy a normal sex life for several years. Goldstein et al.
14 have clearly demonstrated that men can have this clinical entity without a significant negative outcome for several years. Recent report of history of arterial priapism is as long as 31 years without any effect on erectile function. 8 However, it is not definite if this high flow state produces damages to underlying cavernosal tissue by prolonged super physiological levels of oxygenation when the penis, in its flaccid state, has venous oxygen tension.
The main purpose of the treatment of high-flow priapism is to reverse the priapism by temporarily occluding the cavernosal artery, providing the laceration to heal and, at a later date, restore cavernosal artery flow with preservation of erectile function. 15 Five treatment options for high-flow priapism are available: watchful waiting, 8 pharmacological treatment, 16 However, selective internal pudental angiography with embolization has been applied more frequently than the other treatments due to its high success rate. 3, 8, 9, [18] [19] [20] It can be performed at specialized centers by experienced personnel. The first successful management of high-flow priapism by selective arterial embolization was reported by Wear and coworkers 21 in 1977. Of all embolization materials, blood clots are thought to be critical to re-establish arterial flow and reduce the risk of impotence because they produce only temporary interruption of the arterial blood flow that continues for 1-2 days. 22 Hence, it has been frequently applied and become very popular as an embolic agent. On the other hand, significant recurrence rate is the main disadvantage of the method. Nowadays, platinum microcoils have been proposed for succeeding more precise and selective embolization. 8 Majority of the studies dealing with treatment of high-flow priapism consist of only one or two patients. 4, 12, 18, 19, [23] [24] [25] [26] Mabjeesh et al. 12 described three sessions of color flow duplex-guided compression therapy before angiography in patients with post-traumatic highflow priapism. After this report, we have thought that this method might increase the success rate of the embolization by decreasing the arterial blood flow in the arteriocavernosal shunt and, therefore, facilities the thrombosis of arteriocavernous fistula, as shown before by Hood, in patient with high-flow priapism. 3 In our four-case experience with autologous clot embolization and ultrasound-guided compression therapy, complete detumescence was observed in two of the four patients. According to our opinion, it is among the first literatures dealing with combination therapy of superselective transcatheter autologous embolizations and three sessions of duplex sonography-guided compression therapy. 26 This method was not successful in two of the four patients. Embolization with methalic microcoil was performed on two patients who had resistance to the treatment. Indeed, considering the natural history of the disease and young Treatment option for the patients with high-flow priapism M Çakan et al age of patients, permanent occlusion should be avoided. Penile gangrene, persistent impotence, gluteal ischemia, purulan cavernositis, recurrent priapism and perineal abscess or migration of embolization material are the complications of the internal pudental artery embolization. 20 Erectile dysfunction after priapism treatment is reported in about 15-20% of patients. 7, 24 No procedure-related serious complication was seen in our patients and all patients discharged the day after the procedure. Penile color Doppler sonography showed the absence of recurrence at 1st and 3rd month of followup. One patient reported satisfactory intercourse with approximately 75% penile rigidity and other the three patients reported with 100% penile rigidity. During the long-term follow-up (mean 23.5 month), two patients reported preserved erectile function and no subsequent recurrent attacks of priapism. The preservation of potency is owing to subsequent recanalization of the embolized artery or collateral formation. 14, 21 This state was showed by MRI and fibrosis in the corpus cavernosum inducing venous leakage. 22 In our study, recanalization was seen in one patient and his erectile function was normal during the follow-up. When several angiographic embolizations have failed and a welldefined capsule around the fistula can be ascertained by ultrasonography, corporotomy repair should be attempted. 3 
Conclusions
Combination of superselective transcatheter autologous embolizations and duplex sonographyguided compression therapy for delayed post-traumatic high-flow priapism seems to be effective in some patients and, therefore, it can be considered among in the first-line treatment options in these patients. In patients who have resistance to this treatment after a second embolization, superselective transcatheter embolization of the fistula with microcoil using a coaxial microcatheter must be attempted. This combination therapy seems to be well tolerated and ensures high preservation of premorbid erectile function. Additional studies are needed to determine treatment algorithm for patients with delayed post-traumatic high-flow priapism.
